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a level which is constant throughout the thennoneutral zone. Although such a well-defined C T can be obtained under some conditions, particularly with an immobile animal, more often the relation between heat production and environmental temperature is curvilinear, so that it becomes necessary to resort to making an estimate of 'effective CT' as described later. With the larger unrestrained pig, and particularly with groups of pigs, the curvilinearity is increased, so making the C T even less definite.
There are several reasons for the departure of actuality from a sharply defined CT. These include changes in posture by the conscious animal as the temperature falls through the critical level, so extending the change in over-all insulation brought about by peripheral vasomotor control in the thermoneutral zone, variations in activity, and, with groups of pigs, the tendency to huddle as the temperature falls, with further increase in over-all thermal insulation of the group (Mount, I 960, I 968).
In addition to effects of body size and thermal insulation, an animal's rates of heat production and heat loss are determined principally by the plane of nutrition and the environmental temperature. Under warm conditions, that is at or above CT and within the zone of thermal neutrality, the plane of nutrition is the chief determinant; under cool conditions, below CT, the environmental temperature is the principal factor. Following the earlier demonstration of this relationship in individual clipped sheep (Graham, Wainman, Blaxter & Armstrong, 1959) , an approximation to this relationship has also been shown to hold for groups of pigs (Close, Mount & Start, 1971; Verstegen, 1971 ; Verstegen, Close, Start & Mount, 1973) .
Warm conditions. In the thermoneutral zone one effect of the increased rate of heat loss which accompanies a higher plane of nutrition is to lower the CT (Fuller, 1969) . This effect is sometimes partially obscured by the curvilinearity in the region of the CT, but one result is that animals on higher planes of nutrition approach maximum productivity at temperatures below the optimum temperatures needed by animals on lower planes of nutrition. Maintaining higher temperatures for animals on high planes is therefore not only pointless as an attempt to increase energy retention, but also provides an obstacle to the dissipation of the increased amount of heat produced on high food intakes, and may limit food intake (Bianca & Blaxter, 1961) .
Evidence from operant conditioning experiments indicates the animals' own preferences for lower environmental temperatures when the plane of nutrition is high. Pigs trained to operate a switch to control the radiant heating of their environment took 300 heat reinforcementdh when they were fed at 400 g food/d, and only 200 reinforcementdh when they were fed at 900 g/d, at I O O environmental temperature (Baldwin & Ingram, 1968) .
Animals on higher planes of nutrition become hyperthermic at lower environmental temperatures than animals on lower intakes. From measurements of heat loss from individually caged pigs of 25-35 kg body-weight, 30" is in the hyperthermic zone for all levels of feeding above maintenance, with more marked effects at the bigher levels, using an increased heat production as the criterion of
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Quantitative aspects of p& nutrition heat stress (Close & Mount, 1976) . Gray & McCracken (1974) found that 29O was close to the hyperthermic zone of the full-fed 20 kg pig housed in a metabolism cage, using a reduction in energy retention as the criterion.
When the plane of nutrition is increased under warm conditions the additional heat produced is dissipated primarily by evaporative means, with a smaller contribution through the non-evaporative or sensible modes of transfer of radiation, convection and conduction as a consequence of prolongation of the period in which skin temperature is increased following feeding (S~rensen, I 962). Evaporative heat loss from the pig is markedly limited as a result of the animal's inability to sweat to any effective extent (Ingram, 1965) , and increased evaporative cooling is usually achieved by the animal wetting its surface with any available water from wallows, urine or faeces. Increased evaporative loss accompanies the rise in respiratory rate exhibited by pigs exposed to warm conditions (Holmes, 1966; Mount, 1968; Morrison & Mount, 1971) . The proportion of total heat lost by evaporation by a group of pigs living in a pen built into a direct calorimeter was about 30% at 20° and 60% at 30° (Holmes & Mount, 1967) . This included evaporative loss from the floor of the pen in addition to evaporative loss from the animals themselves.
From measurements made on pigs living in metabolism cages, Fuller & Boyne (1972) calculated that at 30 kg body-weight the production of water vapour increased by a mean value of 5.3 g/d with each increase in daily food intake of I g/kg body-~eight""~; at 55 kg the water vapour increased by 5.8 g/d and at 80 kg by 6.2 g/d. These values did not vary between environmental temperatures of 5, 1 3 and 23O.
Cool conditions. At lower temperatures, heat loss tends to be independent of plane of nutrition, and increases progressively as the temperature falls. For this reason the partial efficiency of energy retention (kf) associated with an increment of feed can be expected to approximate to unity in the cold, and this was found to be so with groups of pigs studied at 8O and 20° environmental temperatures (Verstegen et al. 1973) . At 8 O , kf was 0.99 whereas at 20°, which was above CT, it was 0.67. Above the CT, the extra heat production associated with a higher plane of nutrition is dissipated. Below the CT, however, this extra heat production can take the place of some of the extra thermoregulatory heat (ETH) needed, and it is this factor which accounts for the higher kf in the cold.
Partial efficiency (kf) and critical temperature (CT)
kf can be defined as the ratio, increment of ER (AER) : increment of M E (AME) 
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H=H,+Hp,
At thermal neutrality on a given ME intake, the total heat production is:
where H, is the heat production at the maintenance ME intake (ME,,,), when
Hp is the additional heat production, above that of the maintenance level, associated with M E intakes above the maintenance level and positive values of ER.
H,=ME,, since ER=o;
From the definition of kc, ER=Lf (ME-ME,). (3) From equations ( I ) (p. SI), (2) and (3) and since ME,=H,:
Hp=ER (I-kf).
k f
At temperatures below thermal neutrality,
From equations ( I ) and (4):
H=H,+Hp +ETH.
M E=ME,.+B+ETH.
k f The Occurrence of ETH can be used to determine whether the animals are below their CT and, knowing the slope of the curve of heat production against environmental temperature, to determine an effective CT. In the experiments of Close et al. (1973) , and referring to equation (5), of the ME intake at 8 O , EWo.67 was that part associated with energy retention. The value of 0.67 for kf is used on the assumption that the total energy associated with the process of retention, as distinct from thermoregulatory responses, is the same both at thermoneutrality and under cold conditions. Any excess of (ME--) over ME, was then due to ETH production at 8'; ETH production was found to occur at 8 O . The slope of the heat production curve derived from a series of experiments proved to be close and 85 kg body-weight at 2 3 O and 0.78 at 5 O , from regression analysis. Their Table 3 , however, indicates a proportionately smaller range of heat loss for a given range of planes of nutrition at 5' compared with 23O. During those parts of the day which follow feeding it might be expected that the effects of heat increment tend to depress the animals' CT below the constant pen temperature, 50 that kf falls to the level characteristic of warm conditions, with the result that the mean 24 h kf is less than unity. Fasting metabolism. Fasting heat loss in the 25-40 kg pig was found to be higher at 20' environmental temperature (457 kJ/kg b o d y -~t~'~~ per d) than at 30° (380 kJ/kg b o d y -~t~"~ per d), and it was not significantly dependent on the preceding level of feeding (Close & Mount, 1975) . Results on fasted 26-60 kg pigs
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Quantitative aspects of pig nutrition 85 taken from another study (Thorbek, 1974) 
The assessment of thermal environment in relation to heat loss andpig production
The thermal environment has so far been characterized quantitatively in this discussion only in terms of the environmental temperature. Under controlled laboratory conditions an environment can be produced in which the air and mean radiant temperatures are equal to each other, in a regimen of free convection and with an insulated floor. This constitutes a standardized environment, in which the air temperature equals the environmental temperature. Heat losses from pigs are usually measured in the laboratory under such standardized conditions; however, usually there are departures from a standardized environment under fanning conditions, so that air temperature by itself is no longer an adequate assessment of the thermal environment. An equivalent standardized environmental temperature (ESET) can then be calculated by adding algebraically to the air temperature experimentally determined variations which allow for deviations of the radiant, convective and conductive components of the environment from the standardized situation. ESET allows laboratory determinations of heat loss and effective CT to be referred to complex thermal environments which are characterized by differences between air temperature and mean radiant temperature, draughts of air, and floors which may be wet and of varied thermal insulation (Mount, 
1976)-
When ESET for particular circumstances falls below the effective CT corresponding to a given plane of nutrition and size of group, production losses may occur because the animals' heat production is likely to be above the level characteristic of thermal neutrality. The increased rates of heat loss occurring at subcritical temperatures, and the corresponding increases in food intake required to offset the increases in heat loss, are given for pigs in the weight range 20-50 kg in Table I , which also includes mean approximations to heat losses and effective Table I 
